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Abstract
Background and Objective  Because of the stomach-burning sensation it induces, capsaicin has been used at relatively low 
doses as a nutritional supplement, which has limited its bioavailability. The objective of this study was to investigate the 
serum bioavailability of capsaicin supplementation with or without a lipid multi-particulate (LMP) formulation.
Methods  Thirty-five rats were divided into five groups and administered capsaicin at either 0.2 or 1 mg/kg with or without 
the LMP formulation. Capsaicin bioavailability was assessed based on the area under the concentation–time curve (AUC), 
the time to peak concentration (Tmax), and the peak serum concentration (Cmax).
Results  For each formulation, the capsaicin Cmax was reached at 90 min and decreased thereafter. Serum capsaicin concen-
trations were greater in rats administered the higher dose of capsaicin (1 mg/kg) in the LMP formulation at all measurement 
times (P  ≤ 0.05). The AUC showed a significant increase, about 20%, when capsaicin was administered in the LMP formu-
lation at the high dose (P  = 0.002). The Tmax for oral capsaicin was similar whether or not administration was via the LMP 
formulation (P  = 0.163). However, the Cmax of capsaicin increased in a dose-dependent manner (P  < 0.05). Although the 
LMP formulation of the high dose of capsaicin resulted in a numerically higher Cmax, it was not statistically significantly 
higher (P  = 0.068).
Conclusions  The present work demonstrated that administration of capsaicin via the LMP formulation significantly impacted 
the pharmacokinetic parameters and the serum bioavailability of orally administered 1 mg/kg capsaicin in rats. The bioavail-
ability of capsaicin in humans may also be increased by using the LMP formulation.
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Key Points 
bioavailability of drugs [18]. An LMP is a fat-based matrix 
multiparticulate comprising spherical particulates with a typi-
cal diameter of between 50 and 300 microns that incorporate 
the drug or the ingredient of interest and are produced by a 
melt-congealing process [19]. LMP technology is believed 
to be a promising method of enhancing the bioavailability 
of drugs [18]. Because of the hydrophobic characteristics of 
capsaicin, an LMP formulation of capsaicin might increase its 
delivery into the circulation, resulting in higher bioavailabil-
ity and potentially better efficacy. Absorption is of particular 
interest, as numerous studies have reported that non-LMP 
capsaicin shows a wide range of biological activity, despite 
the limitation that only small doses can be administered in 
order to avoid the reported stomach-burning sensation [11]. 
However, the serum bioavailability of capsaicin with an LMP 
formulation has not yet been fully investigated. Therefore, the 
objective of the present work was to compare the oral bioa-
vailability (by assessing the area under the concentation–time 
curve) of capsaicin with or without an LMP formulation. The 
time to peak concentration (Tmax) and the peak serum concen-
tration (Cmax) were also measured.

2 � Materials and Methods

2.1 � Chemicals and Reagents

Capsaicin (capsaicinoids 40%, capsaicin 23.36 % w/w; batch 
no. C180528) from Capsicum annuum fruit extract was sup-
plied by Sabinsa Corporation (NJ, USA). The capsaicin lipid 
multi-particulate formulation used in this work consisted 
of active components (capsaicin CO2 extract 5%, capsaicin 
extract 26.25%) and excipients (candelilla wax 38.35%, cro-
scarmellose sodium 30.4%). This lipid multi-particulate solu-
tion (from Lonza Health Consumer Inc., NJ, USA) was pre-
pared as follows: the candelilla wax and capsaicin extract were 
combined and heated at 85 °C, stirring with a center-mount 
mixer at 3000 × g for 1 h or until the solution was homogene-
ous. The capsaicin CO2 extract and croscarmellose sodium 
were then added at 70 °C. The internal standard (IS), capsaicin 
(CAS: 404-86-4, purity 98.5%, HPLC), was supplied by Merck 
(Supelco, Darmstadt, Germany). All other chemicals were pur-
chased from Sigma–Aldrich (Darmstadt, Germany). Purified 
water from an ultrapure system (Human Power I, Seoul, Korea) 
was used throughout the experiment.

2.2 � Animals and Experimental Design

Thirty-five male Wistar rats (8 weeks old; mean weight of 
180 ± 20 g) were purchased from Firat University Experimen-
tal Research Centre. Animals were kept in a room maintained 
at a specific temperature (23 ± 2 °C) and humidity (55 ± 10%) 
and under a 12/12h light/dark cycle throughout the experiment. 

Lipid multi-particulates (LMPs) are an innovation 
aimed at improving the performance of pharmaceutical 
products, and have been used in consumer health and 
nutrition applications.

The present work showed that the bioavailability 
of orally supplemented capsaicin was significantly 
increased (by 20%) when it was administered in an LMP 
formulation at a dose of 1 mg/kg. LMP administration 
was found to improve the bioavailability of capsaicin.

1  Introduction

Capsaicin is an active ingredient present in fruits of various 
pepper variants (genus Capsicum). Capsaicin supplementa-
tion has been shown to have multiple biological benefits in 
animals and humans. These benefits include pain and inflam-
mation relief, thermoregulation, inhibition of adipogenesis 
and fat accumulation, and the prevention of cancer, cardio-
vascular problems, and Alzheimer’s disease [1–6].

As it is a hydrophobic molecule, capsaicin has a long 
hydrophobic tail by which it diffuses through cellular mem-
branes. However, it is believed that this hydrophobic charac-
teristic of capsaicin lowers its affinity for its transport system 
and is responsible for its relatively short half‐life and lim-
ited bioavailability [7, 8]. While almost insoluble in water, 
capsaicin is readily soluble in ethanol, methanol, acetone, 
chloroform, and alkaline aqueous solutions [9]. As reported 
in previous studies [10], its low water solubility combined 
with its significant first-pass metabolism, resulting in a short 
half-life via intravenous administration, leads to low serum 
bioavailability of capsaicin. This has prevented thorough 
investigation of capsaicin and has limited its clinical applica-
tions. Capsaicin is known for the burning sensation it induces 
once it reaches the stomach [11]. However, when fat-soluble 
capsaicin extracts were included in lipid formulations, a delay 
in the capsaicin-related burning sensation was noticed; this 
delay was most likely due to the delayed release of capsaicin 
beyond the stomach [12]. For this reason, researchers have 
used different techniques such as encapsulation [13], micelles 
[14], microemulsion [15], and nanoparticles [16] to increase 
the solubility and bioavailability of capsaicin while delaying 
its release. Meanwhile, lipid multi-particulates (LMPs) have 
received considerable attention recently due to their various 
potential applications and advantages; for instance, they allow 
the controlled release of small molecules [17] and enhance the 
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The study was approved by the Animal Ethics Committee 
of Firat University (27/05/2020-393056) and conducted in 
accordance with the standard ethical guidelines for laboratory 
animal use and care. Rats were randomly allocated to five 
groups (n = 7 each) that received the following treatments: no 
treatment (control group), 0.2 mg/kg bw of capsaicin (CAPS 1 
group), 1 mg/kg bw of capsaicin (CAPS 2 group), 2 mg/kg bw 
of capsaicin in the LMP formulation (assuming 10% incorpo-
ration) (LMP CAPS 1 group), and 10 mg/kg bw of capsaicin 
in the LMP formulation (assuming 10% incorporation) (LMP 
CAPS 2 group). Thus, capsaicin was administered at a dose of 
either 0.2 or 1 mg/kg, regardless of the formulation considered. 
The same volume (5 mL/kg bw) was administered in all cases. 
Water and a regular chow diet were offered ad libitum.

Capsaicin is taken as a supplement at 2 mg/day on aver-
age in humans [20], which translates to a dose of 0.2 mg/kg 
in rats. Therefore, the doses of 0.2 and 1 mg/kg used in this 
study correspond to human-equivalent doses of 0.033 mg/
kg or 2 mg/day and 0.16 mg/kg or 10 mg/day, respectively.

2.3 � Chromatographic Conditions

Serum capsaicin concentrations from the oral administration 
of capsaicin alone or formulated in the LMP were quantified 
by HPLC (Shimadzu Co. Ltd., Kyoto, Japan). Chromato-
graphic separation was achieved using a pump (LC-20AD), 
an ultraviolet-visible detector (SPD-20A), an Inertsil ODS-3 
C18 column (250 × 4.6 mm, 5 μm), a column oven (CTO-
10ASVP), an autosampler (SIL-20A), and a degasser. The 
capsaicin in the samples was separated by isocratic elution 
using a mobile phase consisting of a mixture of methanol 
and water (60:40 v/v) in the C18 column, and was then 
detected at 280 nm [21]. This method was validated for 
system suitability, selectivity, calibration range, accuracy, 
repeatability, and intermediate precision of the peak area 
measurement in accordance with the current ICH guidelines 
[22]. Accuracies were found to be 96.5 and 99.7% for capsai-
cin and dihydrocapsaicin, respectively. The limits of detec-
tion were 3.2 and 5.1 ng/mL for capsaicin and dihydrocap-
saicin. Retention times were 6.05 min for capsaicin (CV% 
= 2.8%) and 7.44 min for dihydrocapsaicin (CV% = 3.1%).

2.4 � HPLC Method Validation

A standard stock solution of capsaicin (100 μg/mL) was pre-
pared by dissolving the chemical in methanol. Serial dilutions 
in methanol were prepared in order to make working stand-
ard solutions in the concentration range 0.5–100 μg/mL. The 
internal standard (IS) stock solution (1 mg/mL) was dissolved 
in methanol. All solutions were stored at 4 °C and brought to 
room temperature before use. For the preparation of serum 
calibration curves, 10 μL of each standard working solution 
(concentration range: 0.5–100 μg/mL) were evaporated in 

tubes under a gentle stream of nitrogen at 50 °C. After the 
addition of 0.1 mL blank serum and mixing for 10 s on a 
vortex mixer, the samples were subjected to extraction and 
analysis. SI concentrations in serum were 0.05, 0.1, 0.25, 0.5, 
1, 2.5, 5, and 10 μg/mL. Samples were quantified using the 
ratio of the peak area of capsaicin to that of the IS. Peak area 
ratios were plotted against standard capsaicin concentrations, 
and the equation of the least-squares regression line was used 
to determine serum capsaicin concentrations. All the qual-
ity control samples (QCs) used in the validation and during 
the pharmacokinetic study were prepared in the same way, 
making use of the calibration standard curve, before analysis.

2.5 � Sample Preparation

The samples were prepared using a previously reported pro-
cedure [21]. Each serum sample was thawed in a water bath 
at 37 °C, and 200 μL of the serum sample were transferred to 
a 5 mL plastic test tube. After the addition of 20 μL of IS (50 
μg/mL), the sample was homogenized in ice-cold acetone 
and centrifuged at 3000×g for 10 min. The supernatant fluid 
was evaporated, and the residue was dissolved in 2.0 mL 
of methanol. Additional protein precipitation was achieved 
by the addition of 1.0 mL of 70% perchloric acid. Samples 
were centrifuged again at 20,000×g for 5 min. The upper 
organic layer was evaporated to dryness using an evaporator 
at 40 °C. The residue was dissolved in 100 μL of the mobile 
phase, vortex mixed, and then a 50 μL aliquot of the solution 
was injected three times into the HPLC system for analysis.

2.6 � Pharmacokinetic Parameters

On the testing day, 0.4 mL blood samples were collected 
immediately before and 30, 60, 90, 120, and 180 min after 
the oral administration of capsaicin with or without the LMP 
under anesthesia (intramuscular injection of 6 mg/kg xyla-
zine hydrochloride and 85 mg/kg ketamine hydrochloride). 
The blood samples were collected in Eppendorf tubes and 
centrifuged at 13,680 × g for 10 min. A 0.2 mL volume of 
serum was obtained and stored at − 20 °C until analysis. The 
AUC was estimated for capsaicin alone and for capsaicin 
formulated in the LMP. Pharmacokinetic analysis was con-
ducted using the actual collection times of the post-dose sam-
ples. Pharmacokinetic data were calculated by the noncom-
partmental method. Tmax and Cmax were determined from the 
individual serum concentration−time profiles. The AUC of 
the serum concentration–time profile from 0 to 180 min was 
calculated using the linear up–log down trapezoidal method.

2.7 � Statistical Analyses

Data are expressed as the mean ± standard deviation (SD). 
All statistical calculations were performed using the SPSS 
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Statistics 21.0 software (IBM SPSS Inc., Chicago, IL, USA). 
Differences between groups were evaluated for statistical sig-
nificance using the one-way ANOVA test followed by Tukey’s 
post-hoc test. P  < 0.05 was considered statistically significant.

3 � Results

The analytical peaks of capsaicin with or without the LMP 
formulation and the internal standard were resolved with good 
symmetry in blank serum (Fig. 1). The retention time of capsai-
cin, 6.05 min, did not change when the LMP formulation was 
used. The dihydrocapsaicin used as an internal standard had a 
retention time of 7.44 min. No endogenous sources of interfer-
ence were observed at the retention times of the analytes.

Capsaicin administered alone or in the LMP formula-
tion was detected in all serum samples. The mean serum 
concentration–time profiles of capsaicin with and without 
the LMP formulation are shown in Fig. 2. Serum capsaicin 
concentrations were greatest in rats that were orally admin-
istered the higher dose of capsaicin (1 mg/kg), CAPS 2 in 
the LMP formulation at all measurement times (P  ≤ 0.05). 
The CAPS 2 group had significantly higher serum capsaicin 
concentrations than the lower does, CAPS 1 group at 90 min 
(P  < 0.0001). Also, the serum capsaicin concentrations were 
statistically significantly higher in the LMP CAPS 2 group 
than in the LMP CAPS 1 group (P  < 0.0001). The high 
capsaicin dose (1 mg/kg) formulated in the LMP yielded the 
highest serum capsaicin concentrations at all measurement 
times (P  < 0.0001 in comparisons with the CAPS 1, CAPS 
2 and LMP CAPS 1 groups), with the highest concentrations 
achieved at 90 min and a gradual decrease in concentration 
occurring thereafter. As expected, the high capsaicin dose (1 
mg/kg) with or without the LMP led to higher serum capsai-
cin concentrations than the low capsaicin dose.

Similar results were observed in the current study with 
the AUC data (Table 1), where the highest bioavailability 

was obtained with the high capsaicin dose in the LMP for-
mulation. Capsaicin at 1 mg/kg in the LMP formulation was 
significantly more bioavailable than the same dose without 
the LMP formulation. At the high dose, capsaicin formu-
lated in the LMP had 20% higher bioavailability than the 
same dose without the LMP formulation (P  = 0.002). For 
the lower dose of capsaicin (0.2 mg/kg), using the LMP for-
mulation did not significantly enhance the bioavailability 
of capsaicin (P  = 0.863). These data indicate that the LMP 
formulation increases the bioavailability of capsaicin when 
given at 1 mg/kg.

At both doses, the time to peak serum concentration 
(Tmax) for oral capsaicin did not depend on whether the LMP 
formulation was used (Table 1; P  = 0.163). The peak serum 
concentration (Cmax) of capsaicin increased with increasing 
the dose (Table 1; P  < 0.0001). The Cmax remained similar 
whether capsaicin was formulated in the LMP or not (CAPS 
1 vs LMP CAPS 1, P  = 0.555). Although the high capsaicin 
dose gave a higher Cmax when the LMP formulation was 
used, the difference in Cmax was not statistically significant 
(CAPS 2 vs LMP CAPS 2, P  = 0.068).

4 � Discussion

Our data demonstrate that the LMP formulation greatly 
improved the absorption of capsaicin in  vivo. Increas-
ing the bioavailability of poorly water-soluble compound 
might be an important alternative to other bioavailability 
enhancer  technologies. This may be because LMP can 
improve the distribution of the  compound in the gut, 
allowing for additional functionalities achieved through 
the appropriate selection of lipid excipients. Lipid-based 
delivery systems can enhance the bioavailability and func-
tionality of drugs [8, 18] and bioactive compounds [23]. 
Recently, capsaicin-loaded lipid particle systems were devel-
oped to improve the transdermal delivery of capsaicin and 
reduce skin irritation [24, 25]. Zhu et al. [14] reported that 

Fig. 1   The retention times of capsaicin and dihydrocapsaicin (6.05 
and 7.44 min, respectively) in a standard solution

30 60 90 120 180
0

1

2

3

4

5

Time (min)

Se
ru
m

ca
ps

ai
ci
n
(µ
g/
m
L)

CAPS 1
CAPS 2
LMP CAPS 1

LMP CAPS 2

Control

Fig. 2   Mean (SD) serum concentration–time profile of capsaicin fol-
lowing oral administration at 0.2 mg/kg (CAPS 1) or 1 mg/kg (CAPS 
2) of capsaicin with or without the LMP formulation (n = 7)



649Bioavailability of a Capsaicin Lipid Multi-particulate Formulationin Rats	

liposomal encapsulation allowed a 3.34-fold increase in 
relative bioavailability compared to free capsaicin in rats. 
Furthermore, liposome-encapsulated capsaicin formulations 
may increase its solubility and oral bioavailability [13].

Based on the AUC, administering low-dose capsaicin as 
LMP formulation did not impact its bioavailability. At the high 
dose, however, the LMP-formulated capsaicin showed higher 
bioavailability than capsaicin without the LMP formulation. It 
is possible that high-dose capsaicin passes through the intestines 
without being absorbed because the amount absorbed during 
the intestinal transit is limited. Administration in an LMP for-
mulation can delay capsaicin release, and this delayed release 
may lengthen the transit time, leading to more absorption of 
the high dose in the intestine. On the other hand, the low dose 
of capsaicin is probably absorbed within the transit time even 
when the LMP formulation is not used. Cmax and Tmax were 
not significantly impacted by the administration of capsaicin 
in the LMP formulation. Previous studies have reported that 
liposome-encapsulated capsaicin formulations [13] increased 
Tmax and Cmax, whereas only Tmax increased when capsaicin-
loaded micelles were administered to rats [14]. The AUC reflects 
the total serum exposure of capsaicin and is a measure of its 
bioavailability. Tmax and Cmax, however, represent the rate of 
absorption. Therefore, it can be concluded that administration 
via the LMP formulation does not affect the rate of absorption 
but does increase the bioavailability of capsaicin at 1 mg/kg.

LMPs are an innovation that enhance the performance of 
pharmaceutical products, and have been used in consumer 
health and nutrition applications. The ability of LMP to pre-
cisely deliver a metered dose of an active ingredient is prob-
ably the result of delayed release and increased transit time, 
leading to a better absorption of capsaicin. Therefore, in 
our case, the LMP formulation helped capsaicin to manifest 
itself in a more beneficial way and potentially by improving 
its therapeutic effects and enhancing its bioavailability, as 
demonstrated in our study. The findings of the present work 
may lead to novel opportunities and horizons of drug and 
supplement effectiveness in the treatment and prevention of 
various health issues.

5 � Conclusions

In conclusion, this study investigated the serum concentra-
tions of capsaicin with or without an LMP at different time 
intervals after oral administration. The present work demon-
strated that LMP formulation significantly increased the bio-
availability of oral capsaicin by 20% when administered at 
a dose of 1 mg/kg. These results also demonstrate that cap-
saicin, an effective phytochemical with anti-inflammatory, 
antiobesity, antioxidation, and lipid-peroxidation-lowering 
effects, can be formulated with an LMP to enhance its oral 
bioavailability and potentially its efficacy.

Declarations 

Funding  This project was supported by Lonza Consumer Health Inc. 
(Morristown, NJ, USA) and by the Turkish Academy of Sciences (KS, 
Ankara, Turkey). The funding organizations were not involved in the 
study design, collection, analysis, and interpretation of data, the writing 
of this article or the decision to submit it for publication.

Conflict of Interest  AB, SD, KF, and TW are employees of Lonza, 
who developed the LMP encapsulations. The other authors have no 
other relevant affiliations or financial involvement with any organiza-
tion or entity with a financial interest in or financial conflict with the 
subject matter or materials discussed in the manuscript.

Ethical Approval  All animal work was approved by the Animal Eth-
ics Committee of Firat University (27/05/2020-393056) and was done 
following the standard ethical guidelines for laboratory animal use and 
care.

Consent to Participate  Not applicable.

Consent for Publication  Not applicable.

Availability of Data and Material  The data presented in this study are 
available within the article.

Code Availability  Not applicable.

Author Contributions  KS and AB were involved in the conception and 
design; CO, MT, and ES performed the experiments and analyzed the 

Table 1   Area under the concentration-time curve (AUC), time to peak serum concentration (Tmax), and peak serum concentration (Cmax) for oral 
capsaicin (CAPS) with or without the lipid multi-particulate (LMP) formulation
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